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This paper will report on the results of a Rtudy of the applicati0n 
of advanced digital data acquisition tcchnology to the problem of impact 
damage in composites. This area was chosen for the study because of the 
importance of developing better damage characteri:r:ation methods and the 
limited scope of the damage itself. Low energy impacts on composite 
specimens typically produce very small indentations at the impact site 
and internal delaminations at the interfaces betueen lamina. Thus, one 
can very accurately set the ultrasoni.c time ge1tes for i.maginp, the 
delaminations on a layer-by-layer basis. 
Conventional ultrasonic methods are typically capable of producing 
C-scan images which show the total area damaged by an impact in a 
composite. More advanced i.nstrurnentation than is currentJ.y available in 
the field can provide detail as a function of depth by using multiple 
gates on the detected and filtered signal. The advent of ltigh spu·d 
transient recorders with the capability tG digitize, store and transfer 
large amounts data has proviced the capability to perform many analog 
functions in software. This should provide either more information or 
better resolution than current capabilities. 
SPECIHENS 
Quasi -isotropic, 32--ply graphite composi te specimens \d th epoxy or 
PEEK (polyetheretherketone) matrices were prepared. 16 x 4-inch flat 
panels were fabricated. Each panel was impacted at four ec;ually spaced 
points with different loads. During impact, the panels were supported by 
a 4-inch diameter cylinder placed under the panel. The impact enerr,y was 
transmitted through a 1/2-inch diametf'r spherical impactor. Impact 
energies ranged from 5 ft-lb to 30 ft-lb. The lower impact energies vrere 
of greatest interest for ultrasonic inspection due to tl~ fact that less 
apparent damage was visibly evident. ThE~ higher impact energie::; produced 
very evident physica1 damage on both the impacted side and on the back 
side. 
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EXPERIMENTAL PROCEDURE 
The impacted specimens were ultrasonically scanned using a laborntory 
scnnning system which included a LeCroy 200 MHz transient recorder. 
ComplP.te details on the system are given elsewhere [1]. An area of 2 x 2 
inches centered on the impact site was scanned using a 0.01-inch step 
size. Data was collected in various modes to be able to compare the 
performance of several data collection and analysis meth0ds. Conventional 
methods were simulated by using only the detected and filtered back 
surface reflection for the image data. In order to simulate more advanced 
systems, time gates were set at the round trip transit t i mes for several 
of the lamina. Finally, time gates were simultaneously set at various 
multiples of the round trip transit time for a single ]amina, and the 
minimum or maximum value of the rf waveform in that gate was dir,itized. 
This final configuration was selected to test our ability to genera te 
multiple C-scans simultaneously ancl also determine the extent to whicli 
individual delaminations separated by one or more plies could be distin-
guished . 
RESULTS 
The specimens were first radiographed after the impacted area was 
soaked in a radio-opaque penetrant, CH2I 2 (dHodomethane), in order to 
provide standards for comparison with the ultrasonic data . Figure 1 
shows radiographs of a 10 ft-lb impact site in a graphit~/epoxy specimen 
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RADIOGRAPHS 
GRAPH ITE/EPOXY IMPACT SPEC IMEN 
18 FT. LB. 
Fi gure 1 
' GRAPH! TE/ PEEK IMPACT SPECIMEN 
2il FT.LB. 
and a 20 ft-lb impact site in a graphite/PEEK specimen. The graphite/ 
epoxy specimen shows the regular pattern of damage due to Jow energy 
impact with little visual surface indication. IP contrast, the 
graphHe/PEEK E>pecimen shows the cracked fibers pushed out of the back 
surface which is characterisUc of the higher energy impacts. 
Figure 2 shmvs the "conventional" results for all of the impact 
sites. A 10 MRz focussed transducer was used. As was expected, the back 
surface reflection provides good jnformation on the overall extent of the 
damage but Uttle detailed information. The edge enhanced i.mages [2] of 
this same data, which are shown on the right, add little re>al information 
but do sl10w the dimp1e due to the impactor in the center of each delRm-
ination region for the low energy impacts. 
Figure 3 shows the results obtained when the time gate is set at 
those delays which showed a delamination incli.cation on a R-scan through 
the impact site for the graphite/epoxy 10 and 20 ft-lb impact specimens. 
In both specimens the delaminations near the front surface are much 
smaller than those on the back, and shadows of these delaminations are 
seen in the jrnages near the back surface. For the delamination on a 
given level to be identi.fied, the total cumulative area of delaminations 
in the images for the levels above must be subtracted. 
Figure 4 shows the same type of results for the graphite/PEEK 
specimens. In this case it may be noted that the shock wave which 
produces the delaminations does not spread out nearly as much as it does 
in the graphite/epoxy specimens, and only small amounts of new 
delamination progressively appear at each successive level. 
In order to verify the ultrasonic results further, a destructive 
examination was performed. The results of this examination for the 10 ft. 
lb. impact in graphite/epoxy are shown in Figure 5. The arrow points out 
the delamination 'l>rhich corresponds to the sma11 cigar-shaped delamination 
found ultrasonically at the 0.015-inch level shown in Figure 3. Careful 
examination of these photomicrographs showed equally good correspondence 
with the other delaminatiom; shown in the ultrasonic images. It nay be 
noted that a great deal of information is missed in the uJtrasonic images 
due to the shadowing effect . 
.ln the final figure we show the results of two scans with simulta-
neous data collection at seven different time delays. Transducer 
frequencies ~rere 5 and 25 HHz with the gate width being set to J/2 cycle 
nf the rf period. In the fi gure the 25 W!z images ha ve the stronger 
signals indicated as hJack while the 5 MHz imagPs have the stronger 
signals indicated as white. At 25 HHz it is easy to see the de1aminations 
on each layer, while the 5 Imz results contain some ambiguity due to the 
width of the gate. llowever, even in this case it is easy to distinguish 
new de1aminations. For exaJ:apll", note the addi tional ~rhi te a rea in the 
figure at the 0.02-inch level compared to the 0.015-inch level. 
COHCLUSIONS 
The value of digitized ultrasonic data with software processing has 
heen demonstrated in this paper. The images of the delaminations 
resulting from impact uamage are considerably sharper when the software 
gated rf signal is used rathcr than the detected, filtered ultrasonic 
signal. In addition, the multip1e gated images demonstrated the ability 
to resolve closely spaced delaminations. 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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